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NANEN-F 


Honorable  Hugh  L.  Carey 
Governor  of  New  York 
Albany,  New  York  12224 


Dear  Governor  Carey: 

The  purpose  of  this  letter  is  to  inform  you  of  a clarification  of  the  guide- 
lines used  by  this  office  in  assessing  dams  under  the  National  Program  of 
Inspection  of  Dams. 

Office  of  the  Chief  of  Engineers  has  recently  provided  a clarification  that 
dams  with  seriously  inadequate  spillways  are  to  be  assessed  as  unsafe,  non- 
emergency, until  more  detailed  studies  prove  otherwise  or  corrective  measures 
are  completed. 

The  following  dams  in  your  state  have  previously  been  assessed  as  having 
seriously  inadequate  spillways,  with  capability  to  pass  safely  only  the  per- 
centage of  the  probable  maximum  flood  as  noted  in  each  report.  They  are  now 
to  be  assessed  as  unsafe: 


I.D. 

NO. 

NAME  OF  DAM 

N.  Y. 

59 

Lower  Warwick  Reservoir  Dam 

N.Y. 

4 

Salisbury  Mills  Dam 

N.Y. 

45 

Amawalk  Dam 

N.Y. 

418 

Jamesville  Dam 

N.Y. 

685 

Golliersville  Dam 

N.Y. 

6 

Delta  Dam 

N.Y. 

421 

Oneida  City  Dam 

N.Y. 

39 

Croton  Falls  Dam 

N.Y. 

509 

Chadwick  Dam  (Plattenkill) 

N.Y. 

. 66 

Boyds  Corner  Dam 

N.Y. 

397 

Cranberry  Lake  Dam 

N.Y. 

708 

Seneca  Falls  Dam 

N.Y. 

332 

Lake  Sebago  Dam 

N.Y. 

338 

Indian  Brook  Dam 

N.Y. 

33 

Lower (S)  Wiccopee  Dam  (Lower 

Hudson  W.S.  for  Peekskill) 


NANEN-F 

Honorable  Hugh  L.  Carey 

I.D.  NO. 

N.Y.  49 
N.Y.  445 
N.Y.  658 
N.Y.  153 
N.Y.  172 
N.Y.  318 
N.Y.  13 
N.Y.  90 
N.Y.  166 
N.Y.  674 
N.Y.  75 
N.Y.  414 
N.Y.  155 
N.Y.  472 
N.Y.  362 


NAME  OF  DAM 

Pocantico  Dam 

Attica  Dam 

Cork  Center  Dam 

Jackson  Creek  Dam 

Lake  Algonquin  Dam 

Sixth  Lake  Dam 

Butlet  Storage  Dam 

Putnam  Lake  (Bog  Brook  Dam) 

Pecks  Lake  Dam 

Bradford  Dam 

Sturgeon  Pool  Dam 

Skaneateles  Dam 

Indian  Lake  Dam 

Newton  Falls  Dam 

Buckhorn  Lake  Dam 


The  classification  of  "unsafe"  applied  to  a dam  because  of  a seriously  in- 
adequate spillway  is  not  meant  to  connote  the  same  degree  of  emergency  as 
would  be  associated  with  an  "unsafe"  classification  applied  for  a structural 
deficiency.  It  does  mean,  however,  that  based  on  an  initial  screening,  and 
preliminary  computations,  there  appears  to  be  a serious  deficiency  in  spill- 
way capacity  so  that  if  a severe  storm  were  to  occur,  overtopping  and  failure 
of  the  dam  would  take  place,  significantly  increasing  the  hazard  to  loss  of 
life  downstream  from  the  dam. 

Consequently,  it  is  advisable  to  implement  the  recommendations  previously 
furnished  in  the  reports  for  the  above-mentioned  dams  as  soon  as  practicable. 

It  is  requested  that  owners  of  these  dams  be  furnished  a copy  of  this  letter 
and  that  copies  be  permanently  appended  to  all  reports  previously  furnished 
to  you. 


Sincerely  yours. 


CLARK  H.  BENN 

Colonel,  Corps  of  Engineers 
District  Engineer 
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PHASE  I REPORT 
NATIONAL  OAM  SAEETY  PROGRAM 


Name  of  Dam Lake  Sehago  Dam  NY772  • 


State  Located New  York 

County  Locate?-  Rockland 

Stream Stony  Brook  Creek 

Date  of  Inspection  July  28,  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 


The  Lake  Sebago  Dam  is  a recreational  impoundment  in  the  Palisades  Interstate 
Park.  The  dam  is  a combination  concrete  gravity  and  earth  embankment  struc- 
ture. Seven  Lakes  Parkway  Bridge  runs  over  the  gravity  portion  of  the  dam. 
The  dam  is  continually  maintained  by  the  Park  Commission.  This  Phase  I in- 
vestigation has  determined  that  the  dam  is  in  need  of  future  investigative 
work  and  subsequent  modifications  and  repair  work.  A number  of  areas  of 
concern  were  rioted  during  the  visual  inspection  relating  to  seepage  problems 
with  significant  seepage  flow  observed  along  the  earthen  embankment  section. 
This  has  apparently  been  going  on  for  some  time  with  some  effort  by  the 
commission  to  eliminate  the  seepage.  Limited  flow  with  minor  piping  (or  iron 
oxide  deposition)  was  noted  coming  from  a drainpipe  in  the  eastern  bridge 
headwall  at  the  gravity  dam  section.  These  two  cases  where  seepage  has  been 
noted  should  be  investigated  further  and  the  seepage  should  be  corrected. 

The  seepage  problem  is  compounded  by  the  fact  that  the  spillway  is  seriously 
i nadequate  to  pass  the  1/2  Probable  Maximum  Flood  (SPF)  without  overtopping 
the  dam.  Since  the  spillway  has  been  found  to  be  seriously  inadequate,  it  is 
recommended  that  immediately,  during  periods  of  unusually  high  runoff,  the 
owner  should  provide  round-the-clock  surveillance  and  have  a contingency  plan 
in  the  event  of  overtopping.  The  spillway  is  currently  only  capable  of  pass- 
ing 22  percent  of  the  PMF.  Additional  investigations  should  be  taken  immedi- 
ately to  evaluate  alternative  measures  to  deal  with  the  problem  of  dam  over- 
topping. 
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Seven  Lakes  Parkway  road  across  dam 


Drain  in  east  abutment  of  bridge  at 
.joint,  with  dam  has  significant  discharge 
and  is  piping  clay  material  as  evident 
with  residue.  Discharge  was  clear  at 
time  of  inspection;  however,  channel 
has  become  discolored. 


10.  Marsh  area  below  seepage 


12.  Closeup  of  upstream  embankment  above 
seepage.  Notice  some  of  the  clay 
material  being  deposited  into  reser- 
voir to  stop  seepage. 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM  - LAKE  SEBAGO  ID#  - NY772 

SECTION  1 - PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority 

Authority  for  this  report  is  provided  by  the  National  Dam  Inspec- 
tion Act,  Public  Law  92-367  of  1972.  It  has  been  prepared  in  ac- 
cordance with  a contract  for  professional  services  between  Dale 
Engineering  Company  and  The  New  York  State  Department  of  Environ- 
mental Conservation. 

b.  Purpose  of  Inspection 

The  purpose  of  this  inspection  is  to  evaluate  the  structural  and 
hydraulic  condition  of  the  Lake  Sebago  Dam  and  appurtenant  struc- 
tures, owned  by  the  Palisades  Interstate  Park  Commission,  and  to 
determine  if  the  dam  constitutes  a hazard  to  human  life  or  property 
and  to  transmit  findings  to  the  State  of  New  York. 

This  Phase  I inspection  report  does  not  relieve  an  owner  or  opera- 
tor of  a dam  of  the  legal  duties,  obligations  or  liabilities  asso- 
ciated with  the  ownership  or  operation  of  the  dam.  In  addition, 
due  to  the  limited  scope  of  services  for  these  Phase  I investiga- 
tions , the  investigators  had  to  rely  upon  the  data  furnished  to 
them.  Therefore,  this  investigation  is  limited  to  visual  inspec- 
tion, review  of  data  prepared  by  others,  and  simplified  hydrologic, 
hydraulic  and  structural  stability  evaluations  where  appropriate. 
The  investigators  do  not  assume  responsibility  for  defects  or  de- 
ficiencies in  the  dam  or  in  the  data  provided. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances 

The  Lake  Sebago  Dam  consists  of  a concrete  gravity  structure  ap- 
proximately 200  feet  long  (serving  as  the  dam's  spillway  and  the 
foundation  for  the  Seven  Lakes  Parkway  Bridge)  and  an  earthen 
embankment  section  with  a concrete  core  wall  approximately  1500 
feet  in  length.  The  embankment  section  also  formerly  carrier  the 
Seven  Lakes  Parkway.  This  highway  has  been  recently  relocat.d  so 
that  the  earthen  dam  section  now  has  been  abandoned  for  highway 
purposes.  The  spillway  has  an  effective  length  of  162  feet  due  to 
the  fact  that  the  length  is  interrupted  by  numerous  piers  along  the 
top  of  the  gravity  section.  Flow  from  the  lake  is  controlled  by 
two  sluice  gates  located  near  the  center  of  the  dam.  The  sluice 
gates  are  3 feet  square  and  are  operated  by  hand  wheels  located 
just  below  the  bridge  deck  which  traverses  the  dam.  These  sluice 
gates  are  a low  level  outlet  and  control  discharges  into  Stony 
Brook,  the  receiving  stream  of  the  lake. 
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b.  Location 

Lake  Sebago  is  located  in  Palisades  Intestate  Park  in  the  Town  of 
Ramapo,  Rockland  County,  New  York. 

c.  Size  Classification 

The  maximum  height  of  the  dam  is  approximatley  30  feet.  The  stor- 
age volume  of  the  dam  is  approximatley  4,280  acre  feet.  Therefore, 
the  dam  is  in  the  intermediate  size  category  as  defined  by  the  Rec- 
ommended Guidelines  for  Safety  Inspection  of  Dams. 

d.  Hazard  Classification 

Stony  Brook,  the  receiving  stream  from  the  impoundment  flows 
through  a developed  section  of  the  Hamlet  of  Sleater  Hill.  The 
Seven  Lakes  Parkway,  a heavily  traveled  Park  Road  also  passes  over 
the  gravity  dam  section.  Therefore,  the  dam  is  in  the  high  hazard 
category  as  defined  by  the  Recommended  Guidelines  for  Safety  In- 
spection of  Dams. 

e.  Ownership 

The  dam  is  owned  by  the  Palisades  Interstate  Park  Commission. 

f.  Purpose  of  Dam 

The  dam  presently  impounds  a reservoir  which  is  used  for  recrea- 
tional purposes  as  part  of  the  Palisades  Interstate  Park. 

G.  Design  and  Construction  History 

The  Lake  Sebago  Dam  was  reputedly  constructed  in  1925.  Park  rec- 
ords indicate  that  repair  was  undertaken  in  1935.  Although,  no  in- 
formation regarding  the  nature  of  these  repairs  is  available.  In 
1961,  plans  were  prepared  for  the  relocation  of  Seven  Lakes  Park- 
way. At  that  time,  modifications  were  made  to  the  superstructure 
on  the  concrete  gravity  section  of  the  dam  to  accommodate  the  rea- 
lignment of  the  Seven  Lakes  Parkway.  This  relocation  also  resulted 
in  the  abandonment  of  the  earth  fill  section  of  the  dam  for  use  as 
a highway  road  bed. 

h.  Normal  Operational  Procedures 

The  Palisades  Interstate  Parkway  staff  provides  operation  and 
maintenance  of  the  Lake  Sebago  Dam.  A caretaker  at  the  dam  site 
makes  continuous  surveillance  of  the  dam.  The  dam  is  located  on  a 
heavily  traveled  park  road. 
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1.3  PERTINENT  DATA 


a.  Drainage  Area 


The  drainage  area  of  Lake  Sebago  is  9.9  square  miles. 
Discharge  at  Dam  Site 

No  discharge  records  are  available  at  this  site. 


Computed  Discharges: 

Ungated  spillway,  top  of  dam 
Ungated  spillway,  design  flood 


4700  cfs 

9600  cfs  (1/2  PMF) 
20975  cfs  (PMF) 


Elevation  (feet  above  MSL ] 


Top  of  dam 

Maximum  pool  - design  discharge 
Spillway  crest 

Stream  bed  at  centerline  of  dam 

(estimated) 

d.  Reservoir 

Length  of  maximum  pool 
Length  of  normal  pool 

e.  Storage 

Top  of  dam 
Design  surcharge 
Normal  pool 

f.  Reservoir  Surface 


780  (Top  of  bridge 

and  road) 

781  (1/2  PMF) 

774 


10200  feet 
10000  feet 


4280  acre  feet 
0 acre  feet 
3100  acre  feet 


Top  of  dam 
Spillway  pool 


332.4  acre 
295.7  acre 


Type  - Concrete  gravity  section  and  an  earthen  embankment  section. 
Length  - 195  feet  of  gravity  section  and  1500  feet  enbankment  sec- 
tion. 

Height  - 25  feet. 

Freeboard  between  normal  reservoir  and  top  of  dam  - 0.0  feet  at 
gravity  section. 

Top  width  - 24  feet  at  earthen  section. 

Side  slopes  - 6 horizontal  to  12  vertical. 

Zoning  - Not  known. 

Impervious  core  - Concrete  along  earthen  section. 

Grout  curtain  - Not  known. 
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SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN 

All  the  information  available  to  evaluate  this  dam  has  been  included 
in  this  report.  This  information  is  largely  contained  in  Figures  1 
through  14.  The  Park  Commission  has  reviewed  its  files  on  this 
matter. 

2.2  CONSTRUCTION 

No  information  available. 

2.3  OPERATION 

See  Section  4. 

2.4  EVALUATION 

The  engineering  data  cannot  readily  be  assessed,  since  it  is  incom- 
plete. Little  information  is  available  on  the  embankment  materials 
and  the  locations  of  the  core  wall.  However,  sufficient  information 
has  been  gathered  through  the  field  inspection  efforts  to  supplement 
this  data,  making  it  adequate  for  the  investigators  to  perform  this 
Phase  I investigation. 


4 


SECTION  3 - VISUAL  INSPECTION 


3.1  SUMMARY 

a.  General 

The  visual  inspection  of  Lake  Sebago  Dam  took  place  on  July  28, 
1978.  The  concrete  gravity  and  earth  embankment  dam  is  structurally 
integrated  into  the  Seven  Lakes  Parkway  road  section  and  bridge. 

The  spillway  ogee  crest  is  located  below  the  bridge  deck.  Flow 
discharges  over  the  spillway  along  the  total  length  of  the  gravity 
dam  section.  Lake-side  bridge  piers  are  integrated  into  the  con- 
crete structure  and  restrict  flow  over  the  dam  at  locations.  The 
piers  are  18  inches  wide  and  10  feet  on  center.  The  earth  embank- 
ment section  consists  of  the  old  parkway  known  as  Johnstown  Road. 
The  road  is  currently  used  as  a service  road.  The  new  Seven  Lakes 
Parkway  was  constructed  in  1965  and  involved  reconstruction  of  the 
bridge.  At  the  time  of  inspection,  the  Palisades  Interstate  Park 
Commission  was  reviewing  engineering  proposals  for  inspection  and 
repair  work  of  the  bridge.  Structural  members  are  steel  encased  in 
concrete.  They  exhibit  some  cracking  and  spalling. 

b.  Dam 

The  gravity  portion  of  the  dam  visually  conforms  to  the  plans. 
Limited  information  was  available  in  the  plans  on  the  location  of 
the  1500  feet  of  embankment  with  concrete  core  wall  which  is  shown 
in  Figure  No.  12.  The  depth  of  the  core  wall  is  not  known. 
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Photographs  1 and  2 show  structural  elements  of  the  bridge  across 
the  dam.  The  bridge  cross  beams  are  seated  onto  the  dam  ogee  sec- 
tion as  shown  in  Photograph  3.  Cold  pour  joints  can  be  seen  in 
this  photograph.  The  upstream  face  of  the  dam  is  shown  in  Photo- 
graph 4.  This  reservoir  side  of  the  dam  was  inspected  by  boat.  A 
number  of  spalled  areas  in  the  bridge  superstructure  were  noted. 
Redish  clay  material  was  found  to  be  discharging  from  a drain  on 
the  east  abutment.  The  red  color  of  the  water  discharging  from 
this  drain  also  suggests  iron  oxide  from  the  material  behind  the 
abutment  precipitating  as  pressure  is  relieved.  However,  the  pre- 
cipitate has  a slippery  feel  that  suggests  a clay  material  carried 
by  the  seepage.  Further  investigations  should  be  made  to  determine 
the  source  of  this  material.  No  seepage  or  unusual  conditions  were 
located  in  the  area  below  the  dam. 

The  embankment  area,  approximately  100  yards  east  of  the  dam  at  the 
old  parkway  area  has  considerable  seepage  midway  down  the  embank- 
ment (Figure  12,  Station  PT  19  + 02).  Large  trees  were  growing  on 
the  upstream,  downstream  and  on  top  of  the  dam.  Seepage  occurs 
along  an  embankment  length  a distance  of  over  100  feet.  The  flow 
is  almost  uniform  across  this  area  with  considerable  sheet  flow  at 
the  downstream  extremity.  A large  marsh  exists  in  the  depressed 
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terrain  between  the  old  and  new  road.  Cattails  and  high  grasses 
are  located  adjacent  to  the  marsh  at  elevations  higher  than  the 
water  surface  of  the  marsh  between  the  two  roads.  The  elevation  of 
the  water  surface  suggests  additional  locations  of  seepage.  Seep- 
age is  shown  in  Photographs  9 through  11.  Photograph  12  shows  clay 
material  lying  on  the  top  of  the  embankment  vrtiere  trucks  have  been 
dumping  some  material  into  the  lake  in  the  last  few  years  on  the 
upstream  face  in  an  effort  to  retard  seepage.  This  action  does  not 
appear  to  be  effective. 

c.  Spillway 

The  spillway  consists  of  the  entire  top  part  of  the  gravity  dam  at 
the  location  of  the  bridge  which  has  been  previously  described  in 
Section  3.1.c.  At  the  time  of  inspection,  there  was  a very  slight 
discharge  over  the  dam. 

d.  Downstream  Channel 

The  immediate  downstream  channel  was  found  to  be  clear  of  debris 
and  wide  enough  to  accommodate  considerable  flow. 


SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

During  normal  conditions,  the  water  surface  elevations  of  the  res- 
ervoir is  at  the  spillway  crest.  The  sluice  gates  generally  are 
not  adjusted  to  regulate  flow  variation. 

4.2  MAINTENANCE  OF  DAM 

The  dam  is  maintained  by  the  Park  Commission  which  has  a full-time 
staff  in  the  park  area.  The  staff  is  experienced  in  operations  and 
maintenance  activities.  Generally,  the  Commission  engages  services 
of  a consulting  engineer  to  perform  larger  projects.  At  the  time 
of  inspection,  proposals  were  being  reviewed  to  inspect  and  prepare 
plans  and  specifications  for  repair  work  on  the  bridge  which  tra- 
verses the  dam. 


SECTION  5 - HYDROLOGY  AND  HYDRAULICS 


5.1  EVALUATION  OF  FEATURES 


a.  Design  Data 

For  this  report,  no  information  relevant  to  the  hydrologic  and/or 
hydraulic  design  for  the  dam  was  available.  Analysis  provided  in 
Appendix  C was  performed  utilizing  information  obtained  from  con- 
struction documents  and  other  general  sources  of  information  listed 
in  the  reference  section  of  this  report.  Lake  Sebago  Dam  is  a com- 
bination of  an  earthen  embankment  type  structure  and  concrete  grav- 
ity structure.  The  concrete  gravity  section  traverses  Seven  Lakes 
Parkway  with  the  dam  section  constructed  in  combinations  with  the 
bridge.  The  spillway  of  the  dam  flows  along  the  entire  length  of 
the  gravity  section  between  the  bridge  abutments.  The  drainage 
area  contributing  to  the  reservoir  is  approximately  10  square  miles 
including  1/2  square  mile  of  reservoir  water  surface.  The  volume 
of  the  impoundment  is  purely  a function  of  natural  watershed  in  the 
Palisades  Park  area.  A number  of  small  ponds  and  lakes  lie  up- 
stream of  the  reservoir. 

The  purpose  of  this  investigation  is  to  analyze  the  dam  and  spill- 
way with  respect  to  their  flood  control  potential  and/or  adequacy. 
This  potential  was  assessed  in  the  development  of  the  Probable 
Maximum  Flood  (PMF)  for  the  watershed  and  a subsequent  routing 
through  the  reservoir  system.  The  PMF  is  that  hypothetical  flow 
induced  by  the  most  critical  combination  of  precipitation,  minimum 
infiltration  loss  and  concentration  runoff  of  a specific  location, 
that  is  considered  reasonably  possible  for  a particular  drainage 
area.  The  hydrologic  analysis  was  performed  using  the  unit 
hydrograph  method  to  develop  the  flood  hydrograph.  No  information 
was  available  on  historical  flood  events  at  the  dams  location. 

In  preparing  the  hydrograph,  both  Clark  and  Snyder  coefficients 
were  estimated.  For  the  Clark  Method  values  of  Tc  = 5.70  and  R = 
1.61  were  computed.  For  the  Snyder  Method,  values  of  Tpr  = 4.45 
and  CP  = 0.625  were  computed.  Two  unit  hydrographs  were  developed 
from  these  parameters  and  two  sets  of  hydrographs  were  computed  for 
the  purposes  of  comparison.  The  more  severe  discharge  was  then 
used  as  the  flood  hydrograph  in  the  spillway  analysis.  The  Prob- 
able Maximum  Flood  (PMF)  hydrograph  was  determined  using  Probable 
Maximum  Precipitation  rainfall  data  obtained  in  Hydrometeorological 
Report  No.  51.  An  index  rainfall  of  24  inches  for  200  square  miles 
for  a period  of  24  hours  was  used  in  the  analysis.  Both  the  PMF 
and  1/2  PMF  were  evaluated.  The  1/2  PMF  was  assumed  to  be  approxi- 
mately the  Standard  Project  Flood  (SPF)  in  utilizing  the  U.S.  Army 
Corps  of  Engineers,  Hydrologic  Engineering  Centers,  Computer  Pro- 
gram (UHC0MP) . The  peak  discharge  for  the  Clark  Method  were  10,100 
cfs  for  the  SPF  and  21,162  cfs  for  the  PMF.  The  peak  discharges 
for  the  Snyder  Method  were  7,816  cfs  for  the  SPF  and  15,952  cfs  for 
the  PMF.  Hydraulic  studies  were  performed  at  the  spillway  gravity 
structure.  These  computations  assume  weir  flow  below  the  bridge 


deck,  orifice  flow  was  assumed  in  control  along  the  bridge  face, 
while  above  the  bridge  deck  the  weir  flow  was  in  control.  These 
computations  are  shown  in  Appendix  C on  Sheets  16-18. 


The  U.S.  Army  Corps  of  Engineers,  Hydrologic  Engineering  Centers, 
Program  HEC-1  using  the  Modified  Puls  Method  for  flood  routing  was 
used  to  evaluate  the  structure  and  the  reservoirs.  The  peak  flow 
discharges  were  reduced  to  20,975  cfs  for  the  PMF  and  9,586  cfs  for 
the  1/2  PMF  (SPF).  These  figures  represent  relatively  small  reduc- 
tions in  the  flood  discharges  when  reservoir  storage  has  been  taken 
into  consideration.  The  spillway  capacity  is  4,700  cfs.  The 
spillway  is  currently  only  capable  of  passing  22  percent  of  the 
PMF. 

Information  is  lacking  on  the  elevations  of  the  earthen  embankment 
which  was  part  of  old  Seven  Lakes  Parkway.  Assuming  the  top  of 
embankment  elevation  is  the  same  as  the  bridge  deck,  elevation  780, 
then  the  hydrologic  analysis  indicates  that  the  embankment  would  be 
overtopped  by  a foot  for  the  1/2  PMF  (SPF)  and  and  two  feet  for  the 
PMF.  Overtopping  is  also  predicted  with  the  results  obtained  using 
Snyder  parameters. 

Figures  10  and  11  show  plans  for  the  new  Seven  Lakes  Parkway  (old 
Seven  Lakes  Parkway  noted  as  Johnstown  Road).  The  profile  shows 
the  depressed  terrain  between  the  old  and  new  roadway.  Currently, 
a large  swamp  exists  is  the  area  partly  from  runoff  and  partly  from 
seepage  of  the  dams  embankment.  Overtopping  of  the  dam  would  flood 
this  area.  A drain  pipe  (36"  R.C.C.P.)  at  Station  154  + 00  could 
drain  this  area,  but  its  suspected  it  may  not  be  able  to  sustain 
the  18  feet  of  head  it  would  receive  and  could  blowout  causing  a 
breech  or  failure  in  the  road  embankment.  The  adequacy  of  the  road 
embankment  is  also  unknown.  Stations  below  154  + 00  have  a higher 
grade  indicating  that  the  road  would  not  be  overtopped. 

b.  Experience  Data 

The  owners  representative  at  the  site  was  unable  to  provide  in- 
formation relevant  to  performance  of  the  spillway  during  extreme 
rainfall  events. 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations  And  Data  Review 

The  lake  dam  consists  of  a concrete  gravity  structure  approximately 
200  feet  long  (which  also  serves  as  the  dams  spillway  and  the  foun- 
dation for  a Seven  Lakes  Parkway  bridge)  and  earth  embankment  sec- 
tions (with  a concrete  core  wall)  some  1,500  feet  in  length  to  the 
gravity  structures  north  easterly  side  and  an  undetermined  length 
on  the  gravity  sections  westerly  side.  It  is  understood  that  most 
of  this  north  easterly  embankment  section  served  as  the  original 
location  (now  abandoned)  for  the  Seven  Lakes  Parkway  extending 
through  this  area  of  the  park.  This  section  of  core-walled  embank- 
ment is  not  continuous;  part  of  the  section  of  the  now-abandoned 
Parkway  route  carries  across  a peninsula  of  original  ground  which 
has  been  utilized  as  an  impounding  segment. 

The  downstream  area  of  the  concrete  gravity  section  is  accessible, 
to  about  the  foundation  level.  As  observed  from  the  downstream 
side,  this  gravity  section  shows  no  indication  of  significant  set- 
tlement or  lateral  movement.  A number  of  horizontal  construction 
joints  along  the  height  of  the  dam  are  highly  visible  and  limited 
leakage  is  occurring  through  these  joints.  Limited  leakage  is  also 
occurring  at  locations  where  members  for  the  overlying  parkway 
bridge  frame  connect  to  the  dams  downstream  face.  A limited  amount 
of  water  is  flowing  in  the  narrow  Stony  Brook  serving  as  the 
spillway  channel  immediately  downstream  of  the  gravity  section. 
Limited  seepage  was  also  noted  to  be  occurring  through  a weep  hole 
in  the  easterly  head  wall  for  the  gravity  dam.  Some  piping  of  clay 
material  (possibly  backfill  for  the  headwall)  is  noted.  It  is  not 
expected  to  be  iron  oxide,  but  this  source  remains  a possibility. 

The  core  wall  earth  embankment  sections  show  no  misalignment  or  in- 
dications of  significant  settlement,  sloughing,  or  erosion.  Part 
of  the  core  wall  embankment  serves  as  the  foundation  for  an  exist- 
ing section  of  the  Seven  Lakes  Parkway  Road  and  part  (northeasterly 
pare)  is  along  the  location  of  the  now-abandoned  section  of  the  old 
parkway.  Grasses,  trees  and  shrubs  of  various  height  generally 
cover  the  exposed  side  slopes.  Seepage  is  occurring  through  the 
embankment/ impounding  section  of  the  abandoned  segment  of  the  road, 
into  a basin  area  existing  between  the  old  and  new  parkway  embank- 
ments. Generally,  it  appears  that  this  seepage  is  near  to  the  lo- 
cation where  the  impounding  land  area  and  northeasterly  most  sec- 
tion of  core-walled  embankment  meet.  Although  the  on-going  seepage 
is  significant,  this  area  of  reservoir  embankment  was  not  observed 
to  be  experiencing  distress  such  as  piping  erosion,  sloughing,  or 
settlement. 
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b.  Geology  and  Seismic  Stability 


The  New  York  State  Geologic  Map  (1970)  indicates  the  dam  is  sited 
in  an  area  of  amphibolite  and  hornblende  granite  gneiss.  The  1924 
State  Report  concerned  with  the  dam  siting  indicates  that  the  bed 
of  the  dam  and  the  right  and  left  bank  were  to  be  in  contact  with 
the  bedrock.  That  report  also  states  that  there  were  "no 
crevices. ...porous  seams  or  fissures  seen". 

Although  granite  gneiss  is  generally  considered  to  be  relatively 
impervious,  amphibolite  and  hornblende  may  upon  weathering  yield 
rotted  zones  which  could  permit  seepage. 

The  area  is  designated  as  being  in  Zone  1 of  the  Seismic  Probabil- 
ity Map.  Because  the  area  is  located  within  the  Ramapo  Fault  Sys- 
tem, the  New  York  State  Geological  Survey  believes  this  region 
should  be  upgraded  to  a Zone  3 designation.  As  shown  on  the 
Geologic  Structure  Maps,  numerous  faults  are  known  to  exist  in  the 
vicinity  of  the  reservoir.  Several  significantly  large  faults  are 
known  to  exist  outside  the  boundaries  of  the  map  shown  in  this  re- 
port. Numerous  additional  lineaments,  not  shown  on  the  map  in  this 
report  but  shown  on  the  Preliminary  Brittle  Structures  Map  of  New 
York  of  the  New  York  State  Geological  Survey  (1977),  may  indicate 
additional  fault  zones  present  in  this  area.  Aggarwal  and  Sykes 
(1978)  believe  that  the  Ramapo  Fault  is  capable  of  generating  an 
earthquake  of  a least  intensity  VII.  Their  map  has  been  reproduced 
here  as  Geologic  Structures  Map  2.  The  dam  location  is  in  the 
vicinity  of  their  number  23,  close  to  the  Ramapo  Fault  and  north- 
east of  the  Map  Center. 

Information  on  some  of  the  earthquakes  for  the  area  is  tabulated 
below: 

Date  Intensity-Modified  Mercalli  Location  Relative  to  Dam 


1783 

VI 

23 

mi . 

SW 

1878 

V 

22 

mi . 

NE 

1947 

III  . 

15 

mi . 

SW 

1951 

V 

7 

mi . 

NW 

1953 

IV 

15 

mi . 

SE 

1965 

IV 

19 

mi . 

NW 

Many  earthquakes  of  lesser  intensity  are  known  to  have  occurred  in 
this  region,  according  to  the  records  of  the  New  York  State  Geolo- 
gical Survey. 

c.  Data  Review  and  Stability  Evaluation 

Design  drawings  applicable  to  stability  evaluations  made  available 
for  this  study  are  limited  to  typical  cross  sections  for  the  grav- 
ity dam  and  the  core  wall  embankment.  On  the  drawings,  many  cross- 
section  dimensions  are  provided  but  some  dimensioning  and  eleva- 
tions necessary  to  fully  ascertain  the  size  of  all  parts  of  the 


11 


gravity  and  embankment  structures  are  not  shown.  Soils  and  rock 
properties  assumed  for  the  original  design  of  the  gravity  section 
are  not  known.  As  part  of  the  present  study,  stability  evaluations 
have  been  performed  for  the  gravity  section.  Actual  rock  and  soil 
properties,  and  depths  to  rock  and  groundwater,  have  not  been  de- 
termined; where  data  was  lacking,  assumptions  felt  to  be  realistic 
but  conservative  have  been  applied.  The  condition  for  a reservoir 
at  the  spillway  elevation  (with  ice)  and  with  the  downstream  water 
level  at  the  base  of  the  foundation  has  been  studied. 

The  analysis  performed  (See  Appendix  D)  indicate  unsatisfactory 
stability  against  overturning  and  sliding  for  the  forces  assumed 
(wherever  the  computed  factors  of  safety  under  certain  conditions 
approach  unity;  below  unity  is  considered  to  be  unstable). 


Results  of  Stability  Computations 


Factors 

of  Safety 

Case 

Upl  i ft 

Overturning 

SI iding 

I.  Water  level  at  top  of 

dam. 

dam  and  footing 

YES 

1 .01 

0.82 

integral  unit,  down- 
stream water  level  at 

NO 

1 .70 

1.31 

base  of  footing. 

II.  Same  as  1 but  for 

YES 

1 .01 

_ _ 

dam  section  at  top 
of  footing. 

NO 

1 .50 

1 .03 

Critical  to  the  analysis  and  resulting  indication  of  stability  are 
the  items  of  uplift  water  pressures  acting  on  the  foundation  of  the 
dam  and  the  permeability  of  the  sites  foundation  rock.  The  analy- 
sis uplift  force  was  based  on  full  headwater  hydrostatic  pressure 
acting  on  the  dam's  foundation  upstream  corner;  tail  water  hydro- 
static pressure  acting  at  the  dams  downstream  corner  was  assumed  to 
be  zero  pounds  per  square  foot.  The  uplift  pressures  were  assumed 
to  vary  linearly  between  upstream  and  downstream  corners  of  the  dam 
base,  and  were  applied  over  100  percent  of  the  section.  The  re- 
sulting uplift  is  significant  in  arriving  at  the  condition  of  low 
factors  of  safety  against  overturning/sliding. 

The  assigned  uplift  force  is  possible  but  also  could  be  too  great. 
The  prediction  of  uplift  acting  on  the  base  of  a gravity  dam  sup- 
ported on  rock,  without  having  information  on  the  permeability/ 
seepage  properties  of  the  foundation  rock  stratum,  represents  an 
analysis  area  of  great  uncertainty.  If  the  rock  is  very  sound  and 
impermeable,  seepage  would  be  very  low  and  uplift  pressures  of  sig- 
nificance would  require  a long  period  of  time  to  develop.  Simi- 
larly, within  the  masonry  itself  (say  near  the  base  of  the  dam) 
hydrostatic  pressures  from  permeating  headwater  potentially  causing 
the  same  effect  as  uplift  at  the  base  of  the  dam  could  require  a 


12 


considerable  period  of  time  before  reaching  a significant  magni- 
tude. A conclusion  drawn  from  these  latter  conditions  is  that  the 
computed  uplift  may  not  exist  at  present  and  only  develop  at  some 
future  time.  Without  a condition  with  high  uplift  forces  acting, 
the  factor  of  safety  for  stability  against  overturning  and  sliding 
would  be  at  a level  considered  acceptable  for  design. 

The  geology  review  provided  for  this  study,  (Section  4.1  (b)  above) 
indicates  that  this  site  should  be  rated  as  a Seismic  Probability 
Zone  3 on  the  basis  of  current  data  (reservoir  site  presently  is 
assigned  a Zone  1 designation  on  the  Seismic  Probability  Map). 

A seismic  stability  analysis  utilizing  equivalent  static  coeffi- 
cients recommended  by  the  U.  S.  Army  Corp  of  Engineers  criteria  has 
not  been  completed;  additional  horizontal  and  uplift  loading  based 
on  the  seismic  coefficients  would  lower  further  the  al ready  low 
factors  of  safety  computed  for  conventional  static  loading  condi- 
tions. 

Loading  conditions  as  assumed  in  this  reports  analysis  most  pro- 
bably have  existed,  with  the  possible  exception  of  uplift.  The 
stability  experienced  may  be  because  the  computed  uplift  water 
pressure  has  not  existed  and/or,  the  additional  weight  of  the 
bridge-roadway  (unknown  in  this  reports  analysis)  imposed  onto  the 
dam  foundation  has  made  a significant  contribution  to  its  stabil- 
ity. 

The  past  performance  not  withstanding,  the  future  stability  of  the 
concrete  gravity  section  is  as  suspected.  In  consideration  of  the 
high  seismic  hazard  presently  attached  to  the  area  and  the  existing 
uncertainty  about  the  dams  ability  to  resist  static  forces  and  dy- 
namic forces  that  would  result  from  earthquake,  it  would  be  prudent 
to  perform  a field  investigation  and  engineering  study  as  necessary 
to  properly  determine  the  condition  and  effect  of  underdam  seepage, 
and  more  fully  ascertain  the  seismicity  of  the  reservoir  area. 

The  necessary  engineering  geology  field  explorations  could  include 
a geophysical  investigation  of  the  general  area  and  subsurface 
exploration  methods,  such  as  borings,  to  obtain  undisturbed  rock 
samples  to  determine  the  engineering/geologic  character  and  prop- 
erties of  the  reservoirs  foundation  rock,  and  the  installation  of 
instruments  for  determining  seepage  pressures  and  gradients  in  the 
vicinity  of  the  dam. 

The  core  wall  embankment  sections  and  related  impounding  segments, 
appear  generally  to  be  in  good  condition  with  no  indication  of 
structural  instability  or  deterioration,  although  considerable 
seepage  is  occurring  through  in  one  area.  It  is  recommended  that, 
at  the  time  studies  for  the  gravity  dam  are  undertaken,  field  ex- 
plorations and  engineering  studies  also  be  performed  to  ascertain 
the  area  of  embankment  seepage  and  develop  a method  for  correction 
of  the  condition. 
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The  embankment  has  a large  number  of  trees  growing  on  it  which 
should  be  removed.  Seepage  may  be  related  to  tree  growth  where 
seepage  paths  may  have  developed  along  root  systems.  If  this  is 
the  case,  it  may  be  necessary  to  make  a relatively  comprehensive 
evaluation  of  alternatives  to  eliminate  the  seepage  and  improve  the 
condition  of  the  embankment. 


SECTION  7 - ASSESSMENT/REMEDIAL  MEASURES 
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7.1  DAM  ASSESSMENT 

On  the  basis  of  the  Phase  I visual  examination,  the  combination 
concrete  gravity  and  earthen  embankment  dam  structure  is  in  need  of 
future  investigative  work  and  subsequent  modifications  and  repair 
work.  Operation,  maintenance  and  repair  of  the  dam  is  under  the 
authority  of  The  Palisades  Interstate  Park  Commission  with  offices 
located  at  Bear  Mountian,  New  York.  At  this  time,  the  Commission 
is  reviewing  engineering  proposals  for  studies  for  maintenance  and 
repair  work  for  the  bridge  only. 

The  gravity  dam  section's  stability  is  inadequate,  especially  when 
uplift  forces  are  included  in  the  analysis.  Some  minor  repair  work 
on  the  bridge  is  required.  The  downstream  area  immediately  below 
the  bridge  does  not  show  significant  problem  areas.  At  the  loca- 
tion of  the  east  bridge  abutment  headwall,  limited  seepage  was 
noted  coming  from  a drainpipe  with  some  evidence  of  piping. 

The  earthen  embankment  section  of  the  dam  is  in  a wooded  setting 
with  substantial  tree  growth  on  the  embankment.  A large  amount  of 
seepage  is  present  which  is  feeding  a marsh-pond  located  between 
the  embankment  and  the  new  section  of  Seven  Lakes  Parkway. 

Hydrologic  evaluations  performed  indicate  that  the  dam  would  be 
topped  by  1 foot  with  a 1/2  PMF  (SPF)  event.  The  spillway  capacity 
is  seriously  inadequate.  The  spillway  is  capable  of  passing  22 
percent  of  the  PMF.  A major  park  road.  Seven  Lakes  Parkway  .would 
be  flooded. 

7.2  REMEDIAL  MEASURES 

Based  on  available  information,  stability  of  the  concrete  gravity 
sections  of  the  dam  is  unsatisfactory.  It  is  recommended  that  the 
owner  have  a licensed  professional  engineer  perform  a field  in- 
vestigation and  engineering  study,  as  necessary,  to  properly  de- 
termine the  conditions  and  effect  of  underdam  seepage  and  more 
fully  ascertain  the  seismicity  of  the  reservoir  area.  The  neces- 
sary engineering  geology  field  explorations  will  include  a geo- 
physical investigation  of  the  general  area  and  subsurface  ex- 
ploration methods,  such  as  borings,  to  obtain  undisturbed  rock 
samples  to  determine  the  engineering/geologic  character  and  prop- 
erties of  the  reservoir's  foundation  rock,  and  the  installation  of 
instruments  for  determining  seepage  pressures  and  gradients  in  the 
vicinity  of  the  dam. 

It  is  recommended  the  owner  of  the  dam  investigate  the  seepage  in 
the  embankment  section  to  determine  the  extent  of  seepage  and 
source  of  seepage.  The  embankment  has  a large  number  of  trees 
growing  on  it  which  should  be  removed.  Seepage  may  be  related  to 
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tree  growth  where  seepage  paths  may  have  developed  along  root  sys- 
tems. If  this  is  the  case,  it  may  be  necessary  to  make  a rela- 
tively comprehensive  evaluation  of  alternatives  to  eliminate  the 
seepage  and  improve  the  condition  of  the  embankment. 

It  is  recommended  the  owner  of  the  dam  investigate  the  seepage  in 
the  concrete  gravity  dam  section  coming  from  the  drainpipe  in  the 
east  bridge  abutment  headwall  and  perform  tests  to  determine 
whether  piping  is  occurring.  If  piping  is  occurring,  steps  should 
be  taken  to  correct  the  situation.  The  source  of  the  leak  will 
need  to  be  determined  before  a method  can  be  developed  to  correct 
the  condition. 

The  hydrologic  evaluation  has  found  the  spillway  to  be  seriously 
inadequate.  The  dam  would  be  overtopped  by  1 foot  from  a 1/2  PMF 
(SPF)  event.  Since  seepage  through  the  embankment  section  is  al- 
ready in  evidence,  overtopping  and  additional  head  could  cause  a 
breech  in  the  embankment.  The  immediate  downstream  hazard  in  the 
marsh  area  between  the  roads  cannot  be  easily  assessed.  Since  the 
park  is  a highly  used  recreational  area,  it  cannot  be  assumed  that 
the  park  space  would  be  unoccupied.  It  is  safe  to  assume  there 
would  be  a hazard  related  to  occupancy  of  this  area.  Further 
breeching  of  the  lower  road  embankment  would  lead  to  additional 
hazards  to  life  and  property  downstream  of  the  dam  along  Johnstown 
Road. 

It  is  recommended  that  an  in  depth  hydrologic  analysis  be  performed 
to  refine  the  flood  discharge  computations,  the  lake's  stage- 
storage  relationship,  and  to  collect  and  utilize  additional  topo- 
graphic information  to  determine  the  location  and  extent  of  over- 
topping from  the  1/2  PMF  (SPF)  condition.  This  information  could 
then  be  used  as  the  basis  for  investigating  alternative  measures. 
Some  of  the  areas  which  could  be  evaluated  are:  the  possibility  of 
breeching  or  failure  of  the  embankment,  depth  of  flow  on  Seven 
Lakes  Parkway,  increasing  of  spillway  capacity,  lowering  the  water 
surface  elevation,  lowering  the  spillway  elevation,  the  feasibility 
of  providing  a high  stage  diversion  around  the  dam  and  under  the 
roadway  using  culverts,  and/or  the  feasibility  of  closing  the  road 
and  park  area  during  a severe  flood  event. 
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appendix  a 

FIELD  INSPECTION  REPORT 


STRUCTURE  TO  See  above. 

ABUTMENT/EHBANKMENT 

JUNCTIONS 


DRAINS  See  above 


CONCRETE/HASONRY  DAMS 


CONSTRUCTION  JOINTS  No  problems  observed. 


EMBANKMENT 


RIPRAP  FAILURES  I Riprap  not  in  good  condition. 


EMBANKMENT 


GATED  SPILLWAY 


SHEET 


INSTRUMENTATION 


RESERVOIR 


SHEET  11 


ENGINEERING  DATA 


RAINFALL/RESERVOIR  RECORDS  No  data 


CHECK  LIST 

HYDROLOGIC  & HYDRAULIC 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS: 


ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY): 


77^.0 


ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY) 

ELEVATION  MAXIMUM  DESIGN  POOL:  77i*-0 

ELEVATION  TOP  DAM: 


77^.0 


77*4.0  concrete  section 


CREST: 


a. 

Elevation 

m.o 

b. 

Type  

Concrete  Weir 

c. 

Width  

0 

1 

d. 

Length 

17Q  feet  less  Diers 

e. 

Location 

Spillover  Entire  length  of  concrete  section. 

f. 

Number  and  Type  of  Gates 

OUTLET 

WORKS: 

a. 

Type 

Two  sluice  gates. 

b. 

Location 

Center  of  dam  at  base 

c. 

Entrance 

Inverts  7**5 

d.  Exit  Inverts  7**5 

e.  Emergency  Dra indown  Facilities  Just  sluice  gates. 


HYDROMETEOROLOGICAL  GATES: 

a.  Type  None 

b.  Location  None 

c.  Records  None 


MAXIMUM  NON- DAMAGING  DISCHARGE: 


APPENDIX  B 

PREVIOUS  INSPECTION  REPORTS 
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I):  .1  X..,  ' • ■.*  iL:..LL:±l. .Watershed 

! c.  ul  No 


i ’ ucltnc  inspect'.  ’ 

Ai>;»l*cc.:ion  for  the  Construction  or  Reconstruction  of  a Dam 

Application  ' hereby  mark  to  the  Fbr.e  Engineer,  Aibr.y,  N.  V.,  i i compliance  with  the  provisions  of  Chapter 
1 XV  of  the  Coir-  hdalcd  Taws  rind  Chapter  I.;;,  Law  of  i^j»,  Feet -on  si  as  amended,  for  the  approval  of  specifica- 
: on:  and  detailed  drawings,  ;r . rl.cd.  X-  •—  .'.0  * C.CXC  V«fi  J,  1,  .i  


herewith  submitted  for  the  ( ot  a dam  local  d as  slated  below.  All  provisions  of  law  will  be  com- 

•jlied  with  in  the  erection  of  the  proposed  drew.  It  is  inter. sled  to  eonpletc  the  work  covered  by  the  application 


about. 


(Date) 

1.  The  dam  will  be  on  ...  Sit  Or”  IgfCOiC . flowing  into  AamflpO  River  in  the 

•own  ofJ’.frY?"  f C:^° County  .,f. H°cL1'md 1 

and.  . S-l/l  v’il e:x  uorthcant  froa  Slcai  olro  g. 

(Give  exu I <1.  .!»;*•«  and  C rc-Iioa  it  ,a  a wtlMtnow  Gr«;u.".  Awn,  v.TI  re  n «in  cicj-roids  or  mouth  of  a stream) 

2.  The  nnr\  and  addn . s of  the  owner  is....  P4li.  S7*Cb  • S plirk  C pninii  g3i.pn» 

The  dm  i v in  be  usi  U a-...  X 'Xo  • or  ...reoro'Y  ipf  1.  use  3 and  landscape  ei'Xeot. 

4.  Will  any  part  of  the  d;  m be  built  tr  on  or  its  pond  l'ood  : iv  State  lamls?.....tk.ll..P.M'rk  pTOpCi  ty*  _ 

5.  The  watirshed  at  the  proposed  dam  draining  into  ti  e pond  to  be  fonned  thereby  is II 

square  miles. 

6.  The  proposed  dam  will  have  a pond  area  at  the  spillcrest  elevation  of 3.3-3.«.(?. acres 

ami  will  imjKnind lwL) , 100,000...  . cubic  feet  of  water. 

7.  The  lowi  t part  of  the  natural  shore  of  the  pond  is 4 feet  vertically  above  the  spillcrest, 

. »1  evert  where  < A c the  shore  will  be  at  lea- 1 .15 feet  above  the  spillcrest. 

S.  The  maximum  knov.11  flow  of  the  siwam  at  the  dam  site  . as cubic  feet  per  second  on 

(Date) 

<).  State  if  damage  to  life  or  to  any  buildings.  >0:  Is  or  other  property  could  be  caused  by  any  possible 
h.ro  of  1 he  pn  o ed  dam.  Ja  ifi'.t  car  ;o  co>  .t.i &t  -*ab'.Lfi  dtwi&go  in  the  Ramapo  Valley, 


10.  I e n.-.iir.'.-.l  n ate;  . I of  Ihe  ! , d on  1ii*-h  the  pmpo  dda  ; will  lot  s (clay,  sand,  gravel,  boulders,  granit 
1 a.,  u.ve  i<cA  1 ' lei1;'  . 


I ; : l; V 


o'  i’.i ■■  ; 


j\>:  i n.  to  iii  . . :J  p ■..r  '.cr,  v...  'em; 


" *'  '•  ' ■ " ■ ;:v>  is  f ° t' a : pillcro-t  e-leva* 

;i,cv-‘  “r  ' l*>  .■  fool  I;d;v  al  on  the  cvi*  ;•  of  the  dr.  l.  a 

*•  v • I ;*  ] f 1 » ’ . v«n  1 • I*  ••  . ..i  .*  ,11  : • . ,•  A 

* %%  1 •'  •-**'•*»  I :*  * C ! * !l  I L-  lv  III  - 

.1  . r o 

• : **  ' *°i'  ' *'  indie*  lo  a fc*ol  isorizoiUal,  a 

“ ...  k\:l. 

’ • if  ■ .Ik  iii  re-;;.'  it  t , the  ha. due •;.•=,  pm  ion  ness  water  bearing.  effect 

-ity.  eu ^ i -;t  1 -*d  " , no  ot.'cvic j;j , inr-iorvious  to 


. II  i:  cl  i ..  in  l-vcs  sue  the  layers  i-jrzoaiu1.  or  ir.cH;v.- If  ......  If  inclined  what  is  the 

' ■'  M l f •'  '•'1J  r'--  ’ » -O  ihc  sv  :s  of , >c  \ deni  ant  the  inclination  and  direction  of  the 

M ‘ 1'  *'•  : i ••  vti'  to  ti.'i’  Mj‘cro:  ;>in" 


tf.  Vh-1  i the  t’lio.  • :.s  of  the.  layer i?  

j6.  , re  tla  any  ptmis  scfstns  or  fi-surc:-? Z1C. 


)>-.  V.As-srf.  'liic  sp.’lway  of  the  above  r<cne£.J  dam  wilt  be  15.0  feet  long  in  the  clear;  the  waters 

• : lx*  held  ai  the  right  end  by  a .f;  vil.CTet  t?  al  :t  '.cat  ,,p  of  which  i.  ill  he  ...  4 foet  above 

».  c 'I "H( rest,  and  have  a top  width  of.  2-1 A ..  ;.et;  and.  at  the  left  end  by  ; oongroto  nblltnont 

,ni>  r»i  which  will  he..  feel  abenv  ine  rpiiicrcst,  and  h ve  a top  width  of  ^T.^/^.fect. 

^ 1 ,c  ' - 1 1 1 ‘l,-<  11  ' l'  c’!a’-nc  V:iy~ inches  instdi  iliameier  raid  the  bottom  will  be 

.......  . ..  2 f.vpes  . 

C*"V  v • • 0 f‘Ct  wide  in  the  clear  by  3 feet  high,  and  the  bottom  will 

, 1 ; O /r* 

•h.ci  i !i  u the  rpillcrc-t. 

’o.  Ai 1 a);.-.  I.oknv  tin  proiWMil  dam  there  will  be  an  apron  built  of 

w'ro'  1,50 ' 1'van! fect  a»<J  fee-,  thick.  The  downstream  side  of  the  apron 

• ■ -:\ea  hiel.iK  of feel  fora  width  of  ..  . feit. 

I i >-.s.  I..,  h a-pt  .cation  (•••  a pen;  a of  a i.n.i  over  ie  kvt  • a height  must  lv  accompanicil  by  a location 

. " el  p ,ii  '■ 1 ■’  I-  i’g  d I.. winj-  III  tripl.cr.lv  of  tile  proposed  stnic.iv.v.  one  Set  of  v.hit-h  will  lie  returned  if  they 
1 ’*  w*  a '.it  ’e  git  in  .i-v  part  .-  ho.  , the  name  of  the  town  and  county  in  which 


i Ific.Mitl,  v?*  . i ; v*  ii>  r.v  c*i  dir  o*i ■« ! ; r in  ! o.  1 1 1 


c i . .c  • r. 
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